Comparative studies have been carried out on the leaf epidermal features of the species in the family Polygonaeae in West Africa. Epidermal cells are mainly isodiametric in Symmeria paniculata, irregular or more often polygonal with curved, straight and undulate to sinuate anticlinal walls. A few species e.g. Polygonum plebeium, Oxygonum sinuatum, Persicaria nepalensis and Harpagocarpus snowdenii have striations on their epidermal walls. All species except Afrobrunnichia erecta and H. snowdenii are amphistomatic and the family is characterized by a wide range of stomata types such as the anisocytic in P. plebeium, cyclocytic in S. paniculata and a few Persicaria, anomocytic, diacytic, parallelocytic and paracytic which is regarded as the basic type for the family based on its widest occurrence among the species. However, different stomata types may occur on the same leaf surface. The unicellular, or multicellular, uniseriate aggregated trichomes are significant in the recognition of taxa in the Persicaria except in P. senegalensis forma albotomentosa which has short uniseriate flagelliform trichomes. The significance of these observations is discussed in relation to the taxonomy of the family.
Introduction
Polygonaceae are a cosmopolitan family of herbs, shrubs, small trees or climbers characterized by simple leaves with sheathing ochrear stipules, unilocular ovary and endospermic seeds (Hutchinson and Dalziel, 1954; Brummitt, 1992) . The family is generally considered to comprise 30 to 49 genera embracing about 750 species (Heywood, 1978; Brummitt, 1992) . Most genera are restricted to the Northern temperate regions while others are tropical or subtropical (Heywood, 1978) . Polygonaceae are poorly represented in West Africa, and Hutchinson and Dalziel (1954) recorded five genera and fifteen species for the West African sub-region. The genera include Polygonum, Afrobrunnichia, Symmeria, Harpagocarpus and Rumex. However, others such as Oxygonum, which is restricted to the northern part of Nigeria, and the widespread Antigonon, have been collected and documented. The species occupy diverse ecological areas of the region ranging from lowland rainforests and highlands to savanna (Ayodele, 2003) .
The classification of the Polygonaceae at and above the generic level has been unstable over the years. Until recently (Haraldson, 1978) , the family was regarded as being made up of more than two subfamilies, with various authors differing in their circumscriptions of the subfamilies (Bentham and Hooker, 1880; Buchinger, 1957; Jaretzky, 1925; Takhtajan, 1980; Brandbyge, 1992) . Haraldson (1978) recognised two subfamilies -the Polygonoideae based on Polygonum L. and the Eriogonoideae based on Eriogonum Mich. The tribal treatment of Polygonum sensu lato has itself been varied since the time of Linnaeus (1753) with several authors placing the segregate taxa contained into different tribes and subfamilies (Ronse Decraene and Akeroyd, 1988) . However, Haraldson's (1978) proposed division of Polygoneae and Persicarieae brought order into the taxonomy of this group. Other tribes include the Rumiceae, Triplareae and the Coccolobeae. The family Polygonaceae, especially Polygonum sensu lato, is poorly known taxonomically in West Africa. This has accounted for the numerous unidentified and misidentified specimens as well as nomenclatural problems, including synonymy, in most of the herbaria.
Information on the leaf epidermal surface of the Polygonaceae is sparse as studies exclusive to this topic are minimal and usually form part of an extensive investigation of the general anatomy of the leaves. Metcalfe and Chalk (1950) gave a comprehensive treatment of the leaf anatomy of the family. Other works have been mainly on sub groups such as the Polygonoideae (Haraldson, 1978) and particularly on the genus Polygonum s.l. Sukhova (1980) showed that diagnostic anatomical indices such as types of arrangements of peristomial cells on the leaf epidermis, thickness of external walls of epidermal cells, types of trichomes and structure of the midribs can be used to distinguish sections within Polygonum. Moreover, she noted that most Polygonum species can be distinguished by the structure of the epidermis in the leaf midribs, by the presence of mechanical tissue in the leaf venation and margins, by the presence of definite types of trichomes and glandular hairs, and by presence of aerenchyma in the bark parenchyma of the stem.
The present investigation was undertaken to evaluate the taxonomic significance of leaf and associated epidermal characters in the family Polygonaceae in West Africa with a view to contributing to the knowledge of the group and generating data to enhance the identification and classification of the taxa in the sub-region.
Materials and methods

Sources of material
All specimens of the family Polygonaceae available in the following herbaria were studied: Forestry Research Herbarium, Ibadan (FHI), University of Lagos Herbarium (LUH), Herbarium of the Department of Botany and Microbiology, University of Ibadan (UIH) and Herbarium of the Department of Botany, Obafemi Awolowo University (IFE). Field collections were also made. All taxa studied are listed in Table 1 . Voucher specimens of personal collections are deposited in the herbarium of the Department of Botany and Microbiology, University of Ibadan, Ibadan, Nigeria.
Leaf epidermal morphology
Leaf epidermal morphology was studied using fresh and herbarium materials. Leaf fragments of 5-10 mm 2 were sampled from the median portion of each leaf. Three to five specimens of each species were used depending on the geographical spread of the species except for those known from only one or two localities. Herbarium specimens were first rehydrated by boiling in water for about 10-20 min. The leaf fragments were then soaked in either concentrated Nitric acid or 15% Sodium hypochlorite in Petri dishes for periods ranging from 2 to 24 h in the former and 1 to 3 days in the latter. The appearance of air bubbles on the surface of the leaf fragments indicated their suitability for separation. They were transferred into water in a Petri dish with a pair of forceps. Both epidermises were carefully separated by tearing up a corner of the leaf and pulling back the upper epidermis. The epidermises were cleaned with a camel hair brush, rinsed several times in distilled water and later transferred into 50% alcohol to harden for about 2 min. They were stained in safranine for about 3-5 min and excess stain washed off in water. The epidermises were passed through 50%, 70%, 90% and absolute alcohol series to dehydrate them, and mounted in glycerine on a slide with the edges of the cover slip ringed with nail varnish to prevent dehydration. The photomicrographs were taken using a Reichert Microstar IV microscope.
For statistical analysis, 25 epidermal cells and stomata were chosen randomly from each taxon and measured using a micrometer eye-piece. For each quantitative character, the range, mean, standard deviation and standard error were determined. Descriptive terminology is based on Stace (1965) , Dilcher (1974) , Wilkinson (1979) and Olowokudejo (1990 Olowokudejo ( , 1993 . The stomatal index (SI) was calculated using the formula of Salisbury (1927) : S / S + E × 100, where S denotes the number of stomata per unit area and E the number of epidermal cells in the same unit area. Measurement of the epidermal cell width was taken at the widest point on each cell.
Results
Epidermal cells
Leaf epidermal cells are isodiametric, irregular or more often polygonal (Table 2 , Plate 1). Irregular cells are usually restricted to the abaxial surfaces of most species although they occur on the adaxial surfaces in a few taxa. The irregular cells are sometimes intermixed with polygonal cells. Isodiametric cells occur on both surfaces in Symmeria paniculata and the abaxial surface of Afrobrunnichia erecta (Table 2 , Plate 1Ag, h and j). The polygonal epidermal cells usually have straight to curved anticlinal walls while irregular cells have undulate to sinuate anticlinal walls. Curved to straight walls characterize isodiametric cells (Plate 1). The epidermal cells are moderately thick ranging from 1.14 μm in Antigonon leptopus to 5.03 μm in Persicaria nepalensis on the adaxial surface, and 0.84 μm in A. leptopus to 5.03 μm in Oxygonum sinuatum on the abaxial surface. Adaxial epidermal cell walls are generally thicker than the abaxial cell walls and A. leptopus has the thinnest walls (both surfaces) in the family (Table 2) . Considerable variation occurs in the number of epidermal cells on both adaxial and abaxial surfaces even within species. Polygonum plebeium has the lowest number of epidermal cells per square millimetre on both surfaces in the family (51 and 45 on adaxial and abaxial surfaces respectively). S. paniculata with the mean number of 987 and 577 on the adaxial and abaxial surfaces respectively has the highest number of cells per square millimetre (Table 2 ). In most of the taxa, more cells occur on the adaxial surfaces than on the abaxial surfaces ( Table 2 ). The largest cells with a mean width of 75.30 μm on the adaxial surface and 80.70 μm on the abaxial surface were recorded in P. plebeium while S. paniculata with a mean width of 17.70 μm on the adaxial surface and 22.10 μm on the abaxial surface has the smallest epidermal cells (Table 2 , Plate 1A, B, Ag and Ah).
Striation is a common feature of the cells of P. plebeium, P. nepalensis, O. sinuatum and H. snowdenii, (Plate 1A and B, C and D, E and F, Am and An). While the striae are more prominent on the adaxial surfaces of P. nepalensis and H. snowdenii, they are less so on both epidermal surfaces of the other two species. The striae may run parallel on the cells but are oriented irregularly in some taxa especially P. plebeium.
Stomata
All species of the family are amphistomatic except for A. erecta and H. snowdenii, which are hypostomatic. A wide range of stomatal types are recorded for the family. These are anisocytic with three cells which may be of unequal size enclosing the guard cells, cyclocytic with a single ring of cells enclosing the guard cells, anomocytic with cells adjacent to the guard cells not differentiated from the epidermal cells, paracytic with two cells which lie parallel to the guard cells, diacytic with two cells enclosing the guard cells at right angles to the long axis of the guard cells and parallelocytic with the guard cells surrounded by three or more cells of varying sizes and also parallel to the guard cells (Table 3 , Plate 1). In certain cases, more than one type of stomata may be present on the same surface of the same species e.g. paracytic and diacytic in P. glomerata (Plate 1Y and Z, Table 3) , paracytic, anisocytic, anomocytic and cyclocytic in P. salicifolia (Plate 1O-R, Table 3 ), anomocytic and diacytic in O. sinuatum (Plate 1C and D, Table 3 ) and diacytic and anomocytic in Rumex bequaertii (Plate 1, Ae and Af, Table  3 ). Moreover, the stomatal types found on the adaxial surface of one species may differ from those on the abaxial surface of the same species. Large anisocytic stomata are characteristic of P. plebeium (Plate 1A and B). The most common types of stomata in the family are the paracytic and the anomocytic types (Table 3 , Plate 1). In the amphistomatic taxa, stomata are more frequent on the abaxial surface. Stomatal frequency in the family ranges from 1 in P. nepalensis, S. paniculata and A. leptopus to 36 in P. attenuata subsp. pulchra on the adaxial surface and from 20 in R. bequaertii to 81 in P. senegalensis forma senegalensis on the abaxial surface. Stomatal size varies considerably in the family. The smallest stomata size of 20.5 × 14.8 μm was recorded for P. limbata on the adaxial surface while P. plebeium with a size of 30.9 × 24.2 μm has the largest stomata on the same surface. On the abaxial surface, the largest stomata of 34.7 × 28.6 μm were recorded for R. abyssinicus while the smallest stomata of 18.0 × 17.5 μm were found in A. leptopus (Table 3 ). The stomatal index varies from a comparatively low 0.02% in S. paniculata to a high value of 31.81% in P. plebeium on the adaxial surface. On the abaxial surface, the lowest index of 6.75% was also recorded for S. paniculata while the highest index of 40.11% was recorded for P. plebeium (Table 3 ).
Trichomes
A large number of species in the family are pubescent while a few representatives of the tribes Triplareae, Rumiceae and some of the Coccolobeae are glabrous (Table 3 ). Most members of the Persicarieae are hairy and the types of hairs are significant in the recognition of the taxa. Trichomes may be unicellular or multicellular and uniseriate. Moreover, the trichomes may appear thread-like and aggregated in most pubescent taxa (Plate 2). Short uniseriate flagelliform types (with long whip-like structures) are characteristic of P. senegalensis forma albotomentosa (Plate 2I). The trichomes in O. sinuatum (Plate 2A) are short, cone-like and covered with striae while in H. snowdenii (Plate 2N), they may be multicellular and uniseriate. In P. strigosa, the trichomes are curved at the tip (Plate 2E). Peltate glands are recorded in A. erecta (Plate 2L). Although, multicellular, stiff trichomes are common in P. attenuata, a stellate hair was recorded for P. attenuata subsp. africana in one of the specimens collected from the Northern part of Nigeria (Plate 2G).
Discussion
The species of Polygonaceae examined show a diversity of epidermal morphology. S. paniculata and A. erecta, which are the only woody and high forest species, have predominantly isodiametric cells with usually straight walls on both surfaces of the leaf and/or mixed with polygonal cells on the abaxial surface (in the latter species). The other taxa in the family have polygonal to irregular cells. Stace (1965) noted that undulation of the cell wall is a mesomorphic character and that environmental conditions such as humidity play a significant role in determining the pattern of anticlinal cell walls. Straight or curved walls Plate 1 (continued).
were identified as characteristic of species growing in drier conditions while undulate walls were found mostly in species growing in areas of high humidity. The results of this study are at variance with this view. Both S. paniculata and A. erecta which have straight walls are mainly high forest species and Sheteolu and Ayodele (1997) have shown a similar situation for species of Dialium. While epidermal cell shape is often different on the two epidermises (Stace, 1965) , it is normal for the degree of undulation to be greater on the abaxial surface than on the adaxial surface in undulate-walled leaves (Stace, 1965) . This generalization holds for P. nepalensis, with markedly undulate to sinuate abaxial walls (Plate 1F). Very large epidermal cells characterise both members of the Polygoneae examined (P.
Plate 1 (continued).
plebeium and O. sinuatum) but occur in just one member of the tribe Persicarieae.
Many plant groups show great diversity in their indumentum, some of which is taxonomically significant, although conditions of the environment usually affect the degree of hairiness. The types of hairs however, are usually constant in many species or species groups (Okpon, 1969; Stace, 1965) . Chalk (1950, 1979) recorded several types of hairs for the Polygonaceae. In the present study, peltate glands were recorded only in A. erecta (Plate 2L). The single stellate hair recorded in P. attenuata subsp. africana (Plate 2G) was possibly a contamination since no others were recorded even from other preparations of the same specimen. The short, cone-like trichomes covered with Plate 1 (continued).
striae on both surfaces of the leaves in O. sinuatum distinguish this taxon from all others in the family. These trichomes are similar to the Type VII trichomes described by Haraldson (1978) . The most common types of trichome present in the pubescent species of Persicaria are the aggregated, stiff hairs tapering to the top and sometimes spreading at the tip. These are the Type II trichomes of Haraldson (1978, Fig. 8 I, E and F). They occur in P. limbata, P. attenuata, and P. setosula and are significant in the recognition of the species among the group (Plate 2). Short unicellular cells with long flagellae which are woven together, making the surface of the leaf of P. senegalensis forma albotomentosa woolly and grey are usually present in large quantities (Plate 2I). These trichomes, which are similar Plate 1 (continued).
to Type 1 of Haraldson (1978, Fig. 1B) are diagnostic for the taxon. The curved tips of the trichomes of P. strigosa are also diagnostic for the species (Plate 2E). In P. nepalensis, the hairs are uniseriate and one to three celled (Plate 2B). These trichomes distinguish the taxon from all other species of Persicaria in West Africa but are similar to the hairs recorded for H. snowdenii (Plate 2N), which is sometimes treated under Persicarieae (Ronse Decraene and Akeroyd, 1988) .
The diversity of stomata types recorded for the family in this study is greater than the three types recorded by Chalk (1950, 1979 ) (i.e. anomocytic, paracytic and helicocytic). These authors did not identify the anisocytic type, which Mitchell (1971) found to be the Plate 1 (continued).
most often found together with the paracytic and anomocytic types. Various authors (Gross, 1913; Husson, 1966; Inamdar, 1969 Inamdar, , 1971 Mitchell, 1971; Kapoor et al., 1971; Haraldson, 1978) have shown that different types of stomata are found in the family Polygonaceae. The paracytic stomata type is apparently the basic stomatal type for the family, and is the most common in the majority of the species, especially in Polygonum s. lat. The incidence of different stomatal types in the same leaf indicates the systematic value of this character, but its Plate 1 (continued).
potential value, if properly interpreted and used with other characters is substantial (Raju and Rao, 1977; Isawumi, 1989) . The cyclocytic stomata and very low stomatal indices (Table 3 ) on both surfaces of S. paniculata clearly separate this taxon from others in the family. Stomatal index separates P. plebeium from other members of the collective genus Polygonum which are included the present Persicaria (Table 3 ). The exclusive anisocytic stomata type on both surfaces of P. plebeium (Plate 1A and B) is in contrast to the types recorded for Persicaria species, where anomocytic, paracytic, diacytic, cyclocytic and parallelocytic stomata are of common occurrence. The presence of striations on the epidermal surfaces of P. plebeium, P. nepalensis, O. sinuatum and H. snowdenii is significant in the recognition of these taxa in the family. Solereder (1908) has noted that striations are usually of value in specific diagnosis.
The types of hairs present on the leaf surfaces of taxa in the family are significant in their identification. Based on this character, O. sinuatum, A. erecta, P. senegalensis f. albotomentosa and P. strigosa are easily recognised and can be distinguished from other taxa. Moreover, P. nepalensis with its characteristic one-to three-celled trichomes is distinguished from other members of Persicaria which possess aggregated stiff hairs tapering to the top and sometimes spreading at the tip. The presence of striae on epidermal cells of a few taxa e.g. P. plebeium, O. sinuatum and P. nepalensis is also important taxonomically while the isodiametric cells and cyclocytic stomata type are useful in the recognition of S. paniculata. The value of these features is better appreciated in the family Polygonaceae when used in conjunction with macromorphological characters. Nevertheless, the combination of epidermal features is valuable in the identification of taxa.
5. Key to West African species of Polygonaceae based on leaf epidermal characters 1. Epidermal cells striated, more than 60 μm on the abaxial surface 2 1. Leaf glabrous, stomata exclusively anisocytic on both surfaces, stomatal index more than 35% on abaxial surface P. plebeium Plate 1 (continued). 15. Leaf hypostomatic 18 18. Peltate glands absent, striae present on epidermal cells H. snowdenii 18. Peltate glands present, striae absent on epidermal cell A.
erecta.
